In recent years, there has been a strong interest in land intended for single-family housing in the suburban zones of big cities. This is strongly related to the suburbanization process. In the present study, the author endeavored to present the differentiation of local markets of undeveloped real estate intended for single-family housing in the suburban zones of Poznań. Notary deeds related to sales transactions in the segment of undeveloped land plots were the basic source of information used in the article. The article shortly discusses the specifics of the land market in the suburban zone, presents the research method (the nature of the real estate prices index) and then, creates a regression function of plot prices and indicates hedonic prices for undeveloped plots intended for single-family housing in particular communes. Finally, it seeks to define the similarities and differences within the local undeveloped property market in the Poznań agglomeration.
Introduction
The system transformation in Poland caused rapid development of the property market. An important segment of the property market is the market of land intended for single-family housing. During the last dozen years, there has been a growing interest in this segment. The market developed particularly in the suburban areas of big agglomerations. This was related to the intensification of people's migration from the centers of big cities and the development of housing in suburban areas.
In the study, the author endeavours to present the differentiation of the local market of undeveloped plots intended for single-family housing in the Poznań suburban area (17 communes within Poznań County). The analysis covers the period of 1995-2010. Notarial deeds concerning sales transactions of undeveloped plots were the basic source of information used in the article. As a result of the long and thorough study of notarial deeds from the County Center of Land Surveying and Cartography Documentation in Poznań, a database was created encompassing sales transactions of undeveloped plots registered in Poznań during the period of [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] . From the created database, transactions of plots intended for single-family housing were selected. Those transactions which unquestionably differed from market standards, i.e., the prices of which did not reflect market characteristics, were rejected. Plots with areas ranging from 300 to 3,000 m² were considered as typical plots intended for housing. A total number of 27,335 transactions, which may be defined as characterized by a sufficient cohesion of market features so that they could 1 The project was financed by National Science Center www.versita.com/remv vol. 21, no. 3, 2013
form the basis for analysis of the formation of land prices within the local market of the Poznań agglomeration, were accepted for further analysis.
Suburban area plot market
One of the segments of the property market is building land (plots). The land market is a primary, natural segment of the property market. Land has been the subject of transactions for many years. Its supply includes not only undeveloped areas destined in spatial development planning for a specific type of building and placed on the market, but also areas the function of which may be changed or developed.
The land market is particularly unique in areas within the influence of big cities (suburban zones) (KRAJEWSKA 2010; GAWRON 2012) . The strong urbanization of these areas and hence, the increased demand for land, causes differences between the customers' behavior patterns within this market segment and their behavior on the rural property market. We can conclude that, in suburban areas, it is such demand that creates space, the character of which is transformed from rural into other forms of use, that is more adequate for needs resulting from the current level of social and economic development. Generally, the market functions by the transformation of the land formerly used for agricultural purposes.
Suburban zones are affected by strong processes of spatial transformation which distinguishes them from other, typically rural, areas. Their specific character is connected with overlapping elements characteristic of urban and rural regions. Many researchers defined the suburban zone as a complex and urbanized space. The city centre strongly affects the transitional zone in the area of land use, making the land use more differentiated. The biggest differentiation of land use can be observed in areas located closest to the city; the further from its borders, the smaller its intensity, until the level is characteristic of rural areas. Areas formerly used for agricultural purposes are most often transformed into housing estates and areas of transportation. The value of a particular property grows along with its transformation and the price of plots depends on the location factor -the distance from the city and accessibility of a given area. The further away from the city a property is located, the less attractive and valuable it is in the opinion of investors.
A subject of significant interest is the market of undeveloped land intended for single-family housing in suburban areas. This is connected with the suburbanization phenomenon. This market is spontaneous, developing and differentiated.
It is by no means a uniform market but manifold due to such features as: -differentiated physical and qualitative features of the property, -availability of social infrastructure services, -availability of transportation, -location, -possibilities and limitations of building on it.
Nature of property price indexes
The construction of indicators of changes in the prices of real estate creates problems both on the level of the very idea and at the moment of their practical application. The use of widely accepted methods for the calculation of price indexes of other goods or services is not possible due to the specifics of real estate as a good (WOOD 2005) . The most often enlisted reasons behind such a situation are: -the heterogeneity of real estate -there are no two identical pieces of real estate, flats, plotsthere is always a difference in at least one feature, e.g., location. Moreover, grasping the differences in the physical and geographical features in a given segment, in a given period creates a number of problems, mainly due to the quality of the database. Moreover, one must emphasize that the qualitative and quantitative features of real estate may undergo changes over time. -price changeability -the observation of changes in the price of a given piece of real estate over time is extremely difficult and becomes evident at the moment of a sales transaction. One must emphasize that a couple of months may pass from the moment a transaction is made to the moment the information becomes available and can be used. -the rarity of transactions -transactions on the real estate market, in relation to other goods, are made relatively rarely. Correct indexes, i.e., such which reflect changes of net price and are not biased by mistakes resulting from changes in the qualitative features, require such a system of criteria which allows for differences between groups of objects to be taken into account. In relation to real estate, this assumption seems difficult to realize. It imposes the necessity of properly preparing the primary data (CASE and WATCHER 2005) . In addition to the quality of a given sample, the choice of the method used to evaluate similarities in this sample is a main element affecting the assessment of the suitability of a given measurement system.
Methods of building real estate price indexes, a criterion of which is the possibility of taking into account changes in the qualitative and quantitative features of real estate, can be divided into two groups: simple methods (based on the mean or median, which do not take into account such changes) and complex methods (hedonic regression methods, repeat sales, weighted average and hybrid ones, which account for the changes, at least in some part).
The use of each of these methods is burdened with certain limitations. The use of complex methods is often impossible because of the lack of a properly developed database containing information about the conditions of features of a particular piece of real estate. In the case of the occurrence of a small number of features describing a piece of real estate, the differences resulting from the use of complex and simple methods are of little importance. This is confirmed by numerous studies conducted in countries where the construction of price indexes on the real estate markets is well developed (TROJANEK 2012) .
The imperfection of simple methods is sometimes minimized using complex ones, particularly hedonic regression. There have been many examples of the hedonic method used in real estate market research, however, its most important use seems to be in building real estate price indexes. The nature of the hedonic method comes down to the assumption that the price of a heterogenic good can be described using its features. In other words, the method may be used to determine the costliness of particular features of a given good. In order to define the influence of particular features on the value of a given good, econometric equations have been constructed where the explained variable is the price of a given good and the explanatory variables are its qualitative and quantitative features (TROJANEK 2013).
In hedonic methods, an important question is the choice of the form of the regression function. In the case of research on changes in prices on the real estate market, a log-linear form of the regression function is most often used in empirical research: :
There are a few reasons behind the choice of this form of the function (Malpezzi 2003) . First of all, the log-linear model helps added value (e.g., connected with better location) to change proportionally with the area and other features of, e.g., the plot (in the case of the linear function, a better location will, for example, have the same influence on the value of a plot with an area of 300 m 2 , as that of 1,000 m 2 , while in the case of a log-linear function, the influence will be differentiated). Secondly, estimated regression coefficients are easy to interpret. The coefficient of a given variable may be interpreted as the percentage change of the value of a plot caused by the unit change of the price factor. Thirdly, a log-linear function often lessens problems connected with heteroscedasticity or the variance variable of a random component.
Hedonic regression 2 is built mainly in two ways (BOURASSA, HOESLI and SUN 2006) : -on the basis of an equation of plot prices for each of the analyzed periods, or -on the basis of an equation of plot prices for two or more periods. The second approach, in which a regression equation of plot prices is constructed including the binary time variable, was used in the study. The equation can be described by the formula: -the dummy variable (assumes the value of 1 if a given observation comes from period τ, in other cases 0).
The adaptation of the hedonic method for research on price changes on the real estate market requires significant effort in collecting data, because information is necessary not only regarding the prices, but also about the states of features of each piece real estate. The lack of a sufficiently big database which includes trustworthy information related to the states of real estate prices may prevent the hedonic method from being a trustworthy indicator of plot prices in a definite time.
Hedonic indexes of plot prices in the communes of Poznań County in 1995-2010
The hedonic method was used in research on the changeability of plot prices in the communes of Poznań County in the period of 1995-2010. It was based on a regression equation which includes the binary variable of time (2). Econometric equations describing price changeability in the analyzed period were built for the analyzed communes. The choice of explanatory variables, both qualitative and quantitative, was limited by the information available in the database. In the research, the function of a log-linear model was used. The explanatory variables used in the study have been presented in table 1. 
DPC
The distance of each plot from the center of Poznań was measured, using the coordinates of plot centers and the geographical coordinates of the center of Poznań. The distance was measured in a straight line.
Distance from the center of a commune

DCC
The distance of each plot from the center of the main town in a given commune was measured, using the coordinates of the plot centers and the geographical coordinates of a given town center. The distance was measured in a straight line.
Source: author's own research.
Next, using GRETL software, an econometric equation in the form of equation (2) was estimated for all of the analyzed communes during 1995-2010, in which the explained variable was the price of 1 m 2 of a plot, and the explanatory variables were the year of the transaction, the area of a plot, the distance of a plot from the center of Poznań and the distance from the center of the main town in a given commune (the distances were measured using the exact geographical location of the center of each plot). In tables 2a and 2b, the author presents the results of the regression function for all communes. Source: author's own research on the basis of data collected from the PODGiK in Poznań.
On the basis of the obtained results, we can conclude that the explanatory variables used in the equations explain the formation of the plot prices in the communes of Poznań County during the period of 1995-2010 in around 80%. Moreover, the vast majority of the variables used in the model turned out to be statistically significant.
After appropriate transformation 3 , the regression coefficients of the explanatory variables provide interesting information. Table 3 comprises the sensitivity of the price of 1 m² to an increase in the distance of a plot from the center of Poznań in the particular communes of Poznań County.
Table 3
Sensitivity of the price of 1 m² to an increase in the distance of a plot from the center of Poznań in the particular communes of Poznań County Source: author's own research on the basis of data collected from the PODGiK in Poznań.
In the majority of the communes, an increase in the distance from the center of Poznań caused a decrease in the price of 1 m 2 . The biggest sensitivity was found in the case of the Buk commune, where a 1 km increase in the distance from the center of Poznań resulted in the decrease of the price of 1 m 2 by 15%. In one commune -Luboń, a 1 km increase in the distance from the center of Poznań resulted in a 2.9% increase of the price of 1 m 2 of a plot. From the statistical point of view, the distance of the plots from the center of Poznań was not significant in the communes of Murowana Goślina and Suchy Las. Table 4 depicts the sensitivity of the price of 1 m² to an increase in the distance of the plot from the center of the main town in a given commune.
Table 4
Sensitivity of the price of 1 m² to an increase in the distance of a plot from the center of the main town in a given commune of Poznań County In the case of the vast majority of communes, an increase in the distance from the center of the main town in a given commune resulted in a decrease in the price of 1 m 2 . The biggest sensitivity was noticed in the Buk commune, where an increase in the distance from the center of Buk by 1 km caused the price of 1 m 2 to decrease by 17%. In the case of Puszczykowo, Dopiewo and Kleszczewo communes, a 1 km increase in the distance from the centers of the main towns of those communes resulted in an increase in the price of 1 m 2 of a plot ranging from 2% to around 11%. From the statistical point of view, the distance of the plots from the center of the main town in the Pobiedziska commune was not found to be important. 
Differentiation of local undeveloped properties in the Poznań suburban zone
The property market is considered a local market and therefore, changes occurring in many areas, however similar, differ from one another. Changes in the level of plot prices frequently show significant differences. There are two reasons for such a situation (Meen 1996) :
-the different behavior of economic factors affecting property prices -for example, household income in different regions of the country may be characterized by various growth rates, particularly in a short time, -the different reaction of housing prices in particular regions to general changes of their economic determinants. This is mainly the result of the differences in the structure of property markets in different areas. Due to the above mentioned reasons, the author strived to determine the similarities and differences between markets in the communes of Poznań County in 1995-2010. Poznań County has been presented in fig. 1 . On the basis of the developed plot price indexes, using hedonic regression we can conclude that, in the period of 1995-2004, the biggest price increase in most communes took place in 1999. A phenomenon of similar intensity occurred also a year earlier, though only in the communes of Komorniki, Kórnik, Luboń and Mosina. During 2004-2010, the prices increased most in 2006, 2007 and 2008 . In the communes of Kleszczewo, Kostrzyn, Czerwonak, Kórnik, Swarzędz, Dopiewo and Pobiedziska, the prices during the last six years of the analysis increased in the nominal approach by more than 400%. However, it should be noted that the course of the price indexes for the individual communes was similar. In 1995-2010, we can distinguish certain periods which were characteristic for most of the communes:
- The intervals which were distinguished above relate to most of the communes (the described changes in prices did not occur in exactly the same years in every commune -there was a shift in time). The distinguished time intervals of price changes in the communes of Poznań County to a large extent overlap the upward and downward business cycle periods in Poland. This fact coincides with other research in which it was concluded that a cycle on the property market reacts to key elements of the economy but is not a simple reflection of the business cycle of a given country.
Figures 2, 3 and 4, present the hedonic prices of 1m² for undeveloped plots intended for singlefamily housing in the communes of Poznań County compared to prices in the county during 1995-2010. The communes were grouped assuming the level of prices in relation to the prices in Poznań County as a criterion. Figure 2 depicts those communes which were characterized by higher levels of hedonic prices than the same prices within the whole county. In the whole analyzed period, the highest prices (therefore, those differing most from the prices in the county) were reached by plots in the urban communes of www.versita.com/remv vol. 21, no. 3, 2013
Luboń and Puszczykowo. Since 2000, prices have started to differ significantly in the communes of Suchy Las and Tarnowo Podgórne. In other communes (i.e., Dopiewo, Komorniki and Swarzędz), only in 2007 was there a more rapid price increase than in Poznań County. An upward trend was observed in the last year of the analysis for all of the communes included in the graph. It should be noted that this group includes mainly communes located close to Poznań, in which suburbanisation processes were most advanced. In the whole analyzed period, the highest prices (therefore differing most from the prices in the county) were reached by plots in the urban communes of Luboń and Puszczykowo. Since 2000, prices have started to differ significantly in Suchy Las and Tarnowo Podgórne communes. In other communes (i.e., Dopiewo, Komorniki and Swarzędz), only in 2007 was there a more rapid price increase than in the county. In all of the communes included in the graph, there was upward trend in the last year of the analysis. One should note that all of the mentioned communes are located close to Poznań, where suburbanisation processes were most advanced. Figure 4 comprises communes in which prices were at a lower level than prices in the whole county (during the entire analyzed period). Among these communes are basically those of the so called "second ring", i.e., more distant from Poznań: Buk, Kostrzyn, Murowana Goślina, Stęszew, Pobiedziska, Mosina and Kleszczewo. Until 2006, the prices in these particular communes did not differ significantly from each other. Only since 2006 could a gradual differentiation of prices in these communes be observed, (though they all remained lower than prices for the whole county. The biggest increase in prices in the discussed regions took place in communes located in the direct proximity of Poznań, i.e., Mosina, Kleszczewo and Kostrzyn. The smallest increase in prices occurred in Buk, Stęszew and Murowana Goślina. In all of the communes presented in this graph (with the exception of Kostrzyn and Pobiedziska), the prices fell in the last year of the analysis.
In the following figures (5 and 6), the author has presented maps depicting the prices of land intended for single-family housing in Poznań County in 2000 and 2010. Source: as in Table 3 . Source: as in Table 3 .
On the basis of the collected data, the author established the average prices for 153 precincts (out of a total of 283) in 2000. In the vast majority of the precincts (more than 80%, i.e., in 126 precincts) there was a domination of prices below 20 PLN/m². The lowest average prices were in Stęszew, Komorniki and Mosina. The highest prices for 1 m² were noted in the case of plots located in Baranowo (nearly 160 PLN/m²) and Przeźmierowo (more than 113 PLN/m²), as well as those located in Tarnowo Podgórne and Suchy Las communes (nearly 100 PLN/m²). High prices also characterized plots in Puszczykowo (around 91 PLN/m²), Skórzewo (89 PLN/m², Dopiewo commune), Żabikowo (77 PLN/m², Luboń commune), and Swadzim and Wysogotowo (around 75 PLN/m² Tarnowo Podgórne commune).
In 2010, one could note a significant increase in the average prices of 1 m² of land in the analyzed communes. Average prices were determined for 201 precincts. In a small number of precincts (i.e., 9, which accounted for 10% of their total number) the average price of 1 m² was lower than 50 PLN, but in the significant majority of the precincts, prices oscillated above this level. Maximum levels of prices for 1 m² were noted in Suchy Las and Tarnowo Podgórne communes, with minimum levels in Buk, Kostrzyn and Murowana Goślina communes. The highest prices were reached in the case of properties located in: Suchy Las, Złotniki, and Biedrusko (419, 372 and 317 PLN/m² respectively, Suchy Las commune), Chyby, Baranowo and Przeźmierowo (366, 339 and 328 PLN/m² respectively, Tarnowo Podgórne commune), Zalasewo, Swarzędz and Bogucin (315, 293 and 239 PLN/m² respectively, Swarzędz commune), Skórzewo and Dąbrówka (310 and 267 PLN/m² respectively, Dopiewo commune), Puszczykowo and Niwka (299 and 240 PLN/m² respectively, Puszczykowo commune); Żabikowo and Luboń (283 and 238 PLN/m² respectively, Luboń commune), and Plewiska, Łęczyca and Komorniki (281, 254 and 241 PLN/m² respectively, Komorniki commune). The lowest average prices were noted in the precincts of Łoskoń Stary and Białężyn (29 and 39 PLN/m² respectively, Murowana Goślina commune), Szewce and Dakowy (29 and 41 PLN/m² respectively, Buk commune), Libartowo (36 PLN/m², Kostrzyn commune), and Węglewo (38 PLN/m², Pobiedziska commune).
Conclusion
In the above described study, the author endeavoured to present the differentiation in the development of the local undeveloped property market intended for single-family housing in the Poznań suburban zone. This differentiation was reflected both in the scale of land trade in the particular communes and in the changes of prices.
